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atud/ th9 •ffect* ot arlrm; s1e*s 9f orifices In t'-- fu«l
lnj*cti"»n nofiKlftft \n<1 ire*C'.);kCUiti :. ' - n the
ea«u. a In a waltlcyllader cmpres:'. . i rl*^ i ,':;!;. l-,
ruB* »»T* a«d« •»<$ Inillcftt >r :;»T*df aod offset dlt. r .;i!
verc t&o^ea uxuivr vftoti Ouutti.ti.Jii* Tsi« •!/ (iOtf of th«s«
cnMii«« vvr* fta%Iys«4 to aham V lo«ac9 u-on thu r«-
sultln^ o.'^tJLti^n in %bm •asln* ojrliador*
AaMMWi ia4 MiayiT' -^ * Yirticfii,
four eylio<9«r, f^mr stroke o/eI« Hill Dl«S9l u .if<a«
iiiiYln< a ^ inch bora iiat * 7 inch stroict vns u«0<l durlni;
tbft lnTt«tlf«tlan* Thl« •a^laa la of the coapreaiion 1^»
nltioo solid injeotlon^ antechamber e^ bttTln^ *
eoapreeelon r&tlo of 17.6.
T <3mt vftj abeorbed by a wat«r<*4iooled pr ^ny
brektf having a b«e<« Iea«th or 5*^5 faet uo4 a t*-^^- **>l^ht
of 8 )Oua(3e« The beaa load fr4*e aaasured on a 1 1 in;^'
lets SCsl*« T>>« ,'yrs.Ti «Ti»^Th1r}7 -r^ft .aoity Of this tr ice
ll7lta<j tiie lnvos>ti 3 t:> io«i<li !>fclo^ the reted
!?3irar of thu ti . > ; * -: . it hi 'h loctft vss so




Ksins i«»«;li&g Into ti*.e elrculkllni; *ttt«;r ;;jay avtaciied to
the ea«{ine» but Ce -endenae ves e^ uced :3n t'r.e ,}Ui;&p for
pressure* Tne rat« o: -^ oi Z:.^ c r(»t*T vas

2.
oootroil«d bf e tiir^ttl* t«i1t« alM*4 of th« KMf •• •*
to attlntaUi ^ eircuiatiag v«tor t«sip«rmtttr« of 12Q d««
gr.«« ?• at outlet.
XraQ««oiitt«At^ tliftraio«-ooupl«fif mtmif&etured by the
Brvrn XcfttruaMit Cottptay vert inst&ll«d in th« txhaatt
^a««af«s b«tv««tt tba irxta»ust t&It** and t'^^' ayv. .j»t hftft<9«r«
Tbe •xheust toJirM^raturt* v«re bftl&&c«<i to vltrtln 2j de-
(r««a F» ^'>f *tc^. ot~.er tnA in fi.ttfltl'sn tha la&d brlnnc*
betr^«n tr :• ^ia6%rs - iked t>y r««;OTln-, t; -.: Hsxir?*u»t
Ina ^^ctlDK. orts and obs?>rTln- tn? re.sttTs tntvn^;ity of
sound of each exhau^it.
In ft«ekdiietla. thl5 lnTi<isti 'f.tiorj it v&s d«eid«A to
run til© ftCi tiuA at 850 R.jP.k., tnc rrAt..: luli io.'£G s ..
*t this « ^e«d th^j •ngin« on«r%t«d sore sttdothljr t . i.t
lowtr j^'eedi. Prior ta ti^iii^- j^ny ;'=l.i. tr.» .=;. .ine «&<
run f^r h-lf an hrjir to nllow thor ^ l *: ..ilibriua to ob-
tain* T»iits v«r« Bft<S« st&rtiii : rltn tnt* iovc'r lobcjs, b«-
tv«6n runt : .« »•» elloved far th« «n :ine to ^itr-s up
aa<!er th-^ n«xt Lo^ l :;o.'; . .t :i 'for© th« roiiofrin.: rim v-aa
made, 0-;t?.ct clrcaletln r Mst«*r te tur« tr*» »«lnt.«^ln^
at 120 dagroas c • tor^u^naut ziio i* v . ti ; ti>-^a. wudric-.tin^
oil praaaura was oaintftinad at 75 pounds*
Tha inJaetlOQ &uv«aca davica vna u^t dAiibrated La
such fashixt aa to paralt adTanaine t^a inj action bj aaj
pradataralnad auabar of dai^raaa, but by aaaaa of a auriaa

of boI«« drlllM la • strls of iron «; ich rrixs tiicm bolted
to t:.c i:iil<-., .. -aliio it *i.i ,:o»»lu>e t;> «iiliit*-iii cny de-
sired &wV2^xioe and return to th« t%a0 s&ttir. ;. at will*
Znalovt /r o»ra« v«r« t^ij&oja i-v qi 1 < u
of btAnc»«rOft b*lMn«<Kl dl.- a ty:>o oi In ' i •
••••citlftiXy of t a wftt r uoalifd
-re^Au •. _ .- J t, -.- L. !.. . I ' ...a iii " .'nl..; ;,_jn vitll
t.v: oyilxi. . o. . r, . tht tad
;ji t cr ft &a4 rotuuiiu,, ut cranMshsft sv>«uui »iid
I ' iiAtit: aratus, couftli>tin< of source of pr^saoref
i^tkg-
.
-t '^2? -*i i.ii^ ^i'av-.#'-*r^^ ftfju lai 5AtfC iii* A w ' i circuit
lor 1:; iestiaf iNtiftne^d ,>re*ttures»
The preaeure element, Plate XAlII#vn£ in this in-
vestl ition installed in the relief Yalve eaetia ^ ooMnmi*
^ting direetljr «ith the ojfabuDtlon speee. A eerier wri
•sell vater-ooled holes conciuct tiui cyllnsaar ih&^a to
the UAder aide of the* steel diaphre^^ai tna otaer 5lde of
t diaphra^n ia ate>d to a ^re*aure, by j< rbon (SioAide^
t'.i» RSTunt of ^^.fnh i« c^'t.T. Tiled Mn<5 monaured by the
tor at 1 ;.f=»ld, Ti: -ju the eyliader
ali'.a of tht> illft^h^ th.- t nn trj^ u-:n5r r.lr^p, the
dlc.jh:vx-M ie furC' . InBulated «leotrOQ« in the
to y. t . :•'. 't, do.-ln- n electric circuit.

9h» tl»BT, ?lt»tes XXXT aod \ , X» in ••rl«» irith
th9 •t.eetrid circuit .'.xji.-i^, ^.n^. : . ..:, h;. breait
In lt« A s.-^nll e "t In » bftk Ilt« ii.^c ^^rs eoo-
titct -^iU'* s> sWS^aaary . . . .1*0.^ =,•. r.vji^t. r u
brief lnt«rT?»i. ? ^rc >f c * 1» :wri« c .
sattlnr la r< ^d tqr »*«IM of scvl« 3o t^u 9ut«r
Th« c Citu* (7) cou • «ml-
foXd to vhioh ar« eott&««t«d th - lage** :>nc r«adia^ fro«
^0** of m^TWurj ¥&eauM to 15 ib«« ^r a^* In* pvv^$ur«, :Hit,
to 100 lbs* i?er . _ ., >c«i, to - "Ibr . -r ?' • in.
p^«^fturls» respeotlTc . .0 . . of thi4 suilfoia !« onr.ct c
to ft bottl* containing liquid carbon dloxiJe^ i*aC t •» otfe«r
to the vleACttt. i^ voat JUiKl ftn fttf^ir&tar cocui«etlon
COHi;»I«t9 th« a.inlfnld, ^-triUfctc V" Ivpk err In trll d to
ftllov « .t di an/ russur« in t. Lu, ..nd
ch.-Jlci? ^f iltftblc to the jrtlm ^f t
b«iag jitu<tii«c«
The •l«etrie tots is sirawt sobMMtio^liy in
Pliit(i f.y.Mf 7-' 3 'iry o«i.i.* in «srla;> ^ith u lov rv;s»i^t&no«
taIojh(m« r«o«i¥'>ry the presvuro elvaenty «tnd ' r
fors t=i> »s- ;;ciitl;ki p: r ti. ./ n.u oirc-iit. -iiiiU o^t.* t.ie
contact «^k«r8 ftr^ clo!^ .» .<;ii 1» h««r(l in tne t«X««»

R«fln«a«ttt9 in the elreait con ij-t of * Tv-risbl* etttdinscr
l\>r y * Int Ji.i*lty w>» t ., oilcK t:> iuH tixe ob-
Butrrtrrp ... tvo swltotes ^y i»hlch * Ithrr tho tta«r or tb«
r(»s«ur« tl4}.'e<»nt OAB )>• »j;^rt oircuit^u t.' - . ck tlm
o!>«rfttiaa of th« ota»r«
1h% pro««diar» m* •• follows t
1, ^Itr; t!i« <»n'lne rrnuili.i';, i-nA th« >r
- riy ooniMCt&Cy tav ti^ . . t to an/ ce^i • ;r- i.^.-
• cllok if th i>-.r fr jjcJ of tit* shikft
«A» loss th«itt the cyliAd«r ora^aur« f^r the «.rt: . r
,^.l la th« O^.O^fc- - -Ji ;;iv;;j, t ' itwr ir»tt *<.t, :. tn«
pr«ssurd was luor««s«4 In t .d until tl:* clio<cinf
i««.9 wb'^a t!&« dlaplurAjtm «&« juit teU stray frj« the
•I*etr^* was rttoorded as the eyiiader prescurs f-** 'T*t
•
3. Tr»e titttsr j>«ri?hery i» frsdastsd In ^""^ '*^ •*••
ii^ere^ents, .its vere aelsctsd around t to
ifive the desired »;>eein^ *hmsk plotted on preesure->Tr>liMM
toordin&tej'* for toe : fro* twenty desroite b'-fjre top
deed center to tvvjnty de-'T-n* Kft r top dei^'l centor,
ts vere t^iceo •v^ry tT.> oecreee f^r p otti. ^.t
TT;»t;
6.
esrdt of lfniti«i •mi ftonbufttioe*
A« For jt^ttin olntJi oo th« '^m aftft - ^nt
ttrok€9« t*i* i;»r««cupe at Hjleh f^-^ ();>ubl«-clle)c f '<'»'i
int3 t.fi . •< Wftt r«ooro3U, tlio tl- r
traT«l» thf '» ' T *"> <l«^r«»», »a<J the cycltj 1^ st» 720
d«gra*s» p ' !^:: t&t 4iMd suotlon »' . ««r«
rvasiOB sjid ttx 'it t > ot:v«ti/. . tn«
ajonifald srvsstirft Ys-aft b«l<Mr ^.:it of th 5\j'^*::ori or axhanst
v;.s closed b/ t ' lAphrfefli OBe« f-^r ceeh r<»Toli*tnn of
t. I: .r, Itin, t j^tir 3i cXioK^ for aacft reyoiutiJia of
t • s'. ft, 9T » fovKid of t«le« the fr« ;uMiey of crafik*
siu.rt spaed (la th« first o&s .* eoat»«i «&s duels o& ciltcnxsts
rsvolutious) • As t « obsvrTer becossd tecustosi»d to ths
fr«;uency j: ' . :. t .1 •:;•.<, Ii: »11I notice >»r>at^>tiy
I : \i accurrln - »:iiirn ?Ar>«ln? • asurs
corrc*poaais.g ta t:iu tact*jn or t:. i-.a. l :^ t.
As notsd io fisferenco «
>
c^-
r<- h;^T« i. T.r/ c«».T asliiiit.iwa v i j -
la^ MHd not ollCKln , r: 1« on those .. oocir? -^ Ing
which vlll give Ci fcryln/ fp« / of
,
a/ fpo«
full frs^uea*/ doim to no elicicj. Thi» wa^ uv i





R«fcr«Be« 3 v^«vi;>L J^) , <^a« to &^^xi. Ir: !,'.-5
In Injection «dT4=.no^ oi« t-^ cyo #. In
laft ih-.-jfeU . V 1: tl^n of +2, -• - c; In this ftrf-.le*
It V i r ' — * for t . c rd,
i, to r«eord tii* _^^ t . t
olnt iit letiicii t~»r.- ciic<L» fi- ' ..." '• t '; r jA««ii^v«-'
ly one n; f t -ir orl to. -;:^nc/. - t» the r i
Of iiidle«.t^r£^ ( an«« i)«
fh« cij ru assuautd «« Anximui ^vr^d v..a i^^uj^t .•!
MIS i|:^.i:^6d t ^ 5<T r«l f&oatht «•• of the JL .or.
They -t :. wi.-i.i ,-,>laa or aious one d«4rtt*r; ,.r«»»tir»«,-
on hl^h«r plus or «iouA five lbs* p^r «;• In. TLe
Cmg«Sf of t'<<' ^>urd3a tub* ty^«, v»r« e^refully itadt test
gAfos* A ci^ilbrat oa 3f thdj&a i<* '.«»^ i^ik>m«d no tsp raciabi*
t,T-T-^r In t^:^ t» V hi reusur** g»ctt*2, und *a error '•l.th-
- oX nt: i :.nd :^ttln'.; «rrors In th#
cind o. .» ««• ontLTMxy !. • .v j,
any o errors ir^rj .if nc-.-iitibl.-: cff ct bc long
us th4»y w«>r« coi. t t*
In Arrlvln at tr:o lisltc of aanrmcj in this ln«
V ti . lAinV* 'ur otttr^y .. Cv ib-""»{0
tolarBoe** for .irlabios unUur *.:. jWitroi, .>raf«rrltig

8»
to &o this rfctri«r l-,u i^ - '....ir r ad»rs Usi t^^e-ua*
point* iic ;y a&A i . . to tfrroncous CJiiC .o,
Tfc«
.
^ wcd oi t. -* ^afttursd by r r^eontly
oT<. rhAttX«tf sod e« t«d t r, t ;>t
fro .u««)t Intwrvftls 07 « rcioluti-^r .nt . v^hftckt ^r-iwHS
triftt th:- <i .5f tii» •:...••.-": .td
vltlkia 1 ^. . • 3f t-s n^^inftl . t— ,. if 1^
rotoluttons In iJO -ivea t, nt. ^.^r of JL«2t^«
Tnr ><r' <• lo*^-^ •' 'Hftlntj.lnftd *lthl£, *« /' tb. &l iofr
./ tend ^ilLiia '/<* lt>« at the bi^^ver lo&Jft of
• hv;t ^i Ibc, Ff.-^n t^t ; t*i» tar«)rn tol .rm^!*- «^.' , t 'on
1ft« axauot 3f fuel ttficfl -<»r run t?riS l.) co. Thl«
«m< M»f.jur<ar<3 by ««*uik of » ^1 riot. .» n #%iia(i-
sJ.»« *hlc^ ht:^ -. Iffn.-th of 1? Incht?. . T ": ley? I of t'rrm
futi.. la tac J bft r««<l tj 'si.thlti i ' w- in*
^iTlnc A sAJii ^-L bl« •rrrir of L/IO x i/18 x ;o
or l/.'^-co. Tic .-rc«;.t .;e arroi- ; . .- .. •
T:*« ti.iG error .6 be n««ll:ci - .
Fro* th#a» loGivi * foilorf





Brfk€ H.P. trrcr « ^».^i - t , « yj{
Fuel FUt« • I^UU-lJfii
ruel E»t« error « i*-2flfift^ • 1.0?;7 or ?•?;* s^z*
1 - .OS
By USlnf thr tolsrrtree fG'jnfl rtOTB thr ru^'^ors
felt ttwt &11 their date trould f*il in th ' *.",

xo.
tiifc follorlii ; rl»fi of run^^y •!! c .>.;.. tti ;iii -rrt! K&ln*
tainad e:ar.st-;t o t for th# injeotlan n^;
,
,
in ttio ruai! lri..itti.L . t iftti* Xa ;^ii run. , ir« ; #1^
or orl in*! pr r ru» UBi^-i, %ntj : .r-
Oi -s .jf CD.-; .ri£:'5:; of r.Tvtanv^'-tic.Q ':'i^.i'lii, u u;ilf ^rci br«.ic«
lotid of 3i«6 B,h«?* %«» Milnt«.in d. In<i orl ;lnfai no2::le,
haYir. :: .vitvj" or-fica Hi* t'.ssso ea »tiiOu*ru, li.. >: . i;t
curd is shown on Piate IX, «nd ita tr«ci(i.» / i» sbavn
ftS ft full lioft in all «e<ifl<Mgr curves.
The first notiU^ to^itt-d ili4 • .OlO* diaQsetc-r
orifice*
Th© ftffsct of tnis notslo on brHKc *5CDn:>6iy ij shown
by curve 1, i*lst« VI, Ta« affeot on c::«bystlia in shown in
offsat onrd ^1-A, flirts X.
Fr^i* & study ^f the latter. In ooftpArtsm irlth th«
St c -v.^, tae folio ms nstedi (a> ta*? : ilnj
3f t -
,
v; irf-r.-.^rr ^-Ir.., or l<nition pSFlOd, *-' "iQ-
vHoov:. ; j-i tiy, i-nc tiitj rrfto of ^r9aa\Ar^a ris* c
.
tht
l-nltl->n ri-jl wjis Incrr ; (h) trr- b inn In- of the
'^-itiod of rs )iu f;r»5sur« rie«f or lull ;(.f.*i n ri ^., w&8
sdwsnewd by s erank an'le af trn i ;, {,,j^j^i7 s-cr.'i
tii.a t -ft rsts of
.
-To ri»« uarin. i-.f -<^ai«itl Jii r.t r -





fihovs thftt baitilag ext«iids v^sll « ^ a.i Tn xh^ •xp&n«ioii
strok*, glTln: k very ht»fcTy pre::sur« ana bl^h V^s^ere*
tur« Hi tfidutust Ti^lTtr Oi>«Blog» T' is y!ts el«o ob^t-v^f^
In th« uBUJiu&il/ hl^ •xhaa:st tv &ture &t mnm:.
by pyraatter, ^ r^^ bv vlsuil obserr^tlDn af flsia^ acssinf
thr-jugh th- exrutuat 'rvilT«.
In the ftuthors' o^5lnl^n, tao adTsAOc -yf th» In-
;}«ctiJti Ca:-u t .-.' iicr Im ti»«i i*ii.t«i ol t x j »lue
to t*"? OiU-v-: . T":i. ;rtnclprl !jeut« beir-f a ,iur*'ly
in the lnj9Ctl(»n »yit<»« »t 5I of in^ . vi»1to*
before the stArt of tnss oezt 0, end »o reduced the
iDjuctiMi 1«| by re<iuolo«; t£i« Maaant af ct«3 ^a of
oil, and » jQ r>f 'f. >e linea b«f:»r® the itijt?ctlcai
V4ivg Tbs iirte.;. i 1 i ^.r.'jciry c .*. " . t. )ot
r^ »ld h«etlaf? of t rtlc;:.e» «• v ttM
Tils fluttr ilTisioii, . wua loed by the Iftrger
preftAure built u, in tao ir^eotion tf/stec« off
uch l&rger total ::arf«.06 to tna Vi>:^orix&tioD
eequent litBltioa.
In th^ infleGuaetion ..erloby the * in tle:inf
noted ir»« due probitbly ' ^ the aeeheniccl bdvenee •eotlooed
• bore* The de«re«.sfcd alop& of ' aure line t.as due

u.
ha^9T::r, to (•) a i .^^^ausa of iui^tmh
JBlxtur*, «nd (b) th* tlov^T rat- o^ i<iBliml'>" '"^ th«
fu«i. In tr.ii noz. i«, tn« <}l«Lai>tt>r jc?t
ti^ iniJxifflcl *• '^ r-(Ti... ). n«tratLoa, ^.^ '.^^ : :>f
tho r was aot . ; Ive t^
T''> "" rr«r::"it. ' vtis v-fv Ir-*:^ -Irrrr h'-,-r:*r»j*
iQ t:ii; Upper rifilf jiT ' r, s
t ?.ff, t:rj*3 a Tery i«>sn --^Ixtur© In t:i^ ?..>•.: ;id
i>ur i; - tae v*3S«^«; to ta* . TiK» era,
tifi. o; .' , r .aiT(j3 it«b4.f Into a Tory thla tap, and
£r&(iua.lly liicre;>sl*i ' ies(» ms It r toe*
£.» luft be«n stttea, tner« vas <jvl<Jffnc© that bui^nlii:
CO lod Aftor tiXfu>u:st. (.i-'iiitej >^I aaC i.Aii &!*»
substentiftt^ this.) ^r, ! F. J^i :;t©d th»t
ttila wii« (Sutf to t;vj uiirtrxii.itirHi of fatl in tae .^r —
eonbastl:>n cnafnb«r; cond'. t-ons -
.,
ov«r-
rlch sixture ^t t-^u to;) dJC tn« eiuub&er, &ua tn«
n#c©i3ery -^or binln ^ *lr th'-^ ch&abcT, that • con-
siaeraoie c: tion ot t iel wouia aoT^r c:).-c. i.ito
oofit^ct vlth iufi it £.lr to fora & oot . -
turo.
In th# llf!it of t , It 1*16 tD bfe M-
ject«d that tb« tb«r«r-
-
'T 10*^^-^^ ^Ui- ..aifvi , ,* \,tim
coasbustion wa::^ t»<lr. t»a i . ti
of th« oyc.u^ (Rwferancb >, . - ~v*v o«i.« vy^s

13.
shown by the eoMperiaon af th« hrsit* «C0B(Miy curTe vlth
tiiftt or tr.« i»to«t..'.rd oonuiti.ou9»
la ?l«t<? XI? it sr.orn t ran c»ii tha <»«• botmI*
rltn roll tnjbCtion c^dTt^nca. An atti-^pt »sis a. . to
&dYftne« th* injection until no flastt ^?r«d in th? ex-
hftu«t» This C3uia not t.^ u >;,a oveu vita lui-i Aiavtace.
T^f* 0- rn choirs that cot,r».i; tlon b«i;fn nbout twi ^•gr.^es
b«forv, t;3i,» ceaa oentai-, w-hi ; t . .. ait i : .cr
and t«^^a.:cr£turtt did not diffni* a.^jr^-^ / fraa that ob-
td.'l..«d irith aorsfcl injftci. u >. vinow* This indic&t^fi
that 0eni^ation Itated 3>or» tli.n IS'^ cr.sn* degro«>5,
(and hvneft Injaotioc possibly ^ ^t^d that lon^y
.
oe^mooy w; a Tary ;K>or, bcic^ 'suljr 5ii4r»tly ; than
thitt obtained tro/z thiy s&££ not ^^^ • ^lii u9Pa&X alvanca*
Tht naxt notEl« triod vat ono hiiYin^^ an ^rifica
dlaaat«r of .JjO"* All other condltltKis vex^ auilnt«ilned
tha ••»#• Tha affaet of this nos la on cjsbustion is ahoivi
in Plata XX.
ooaparlsoa of this offsat card vith tha st r4
bovs that Uic timing aad rate of preasura <>U<> *<'rlnc
the ignition ;>erlod lerethe sasa as that of tnc> stand& U«
SoVaTar^ tha ooMMn^asant or tha InflavaatioD period v&«
daXajad considerably^ aad the rate of pressure rise
durlnr the inflaaeation :riod was increased. The aaooat
of tha dalbj waa i^.^ ar- . r vn^ or . '75 ceeonds.

I4i
This d«lftx «»3r b9 mlno»t mktir^lf ebiirf*^ up to lner««t«d
iiij -ction i&^ uue I.' i the orifie*
bleeding ^3«a %hm inject f^re t'na moA of
thm dlfob&rf* ^troko. Thir '. -'-- xi. ..v * «* ji.v«r ^^, In
this luTdstl a, conduct
•uthors show prs&tures in the iajdotl^n sx«t«ii during the
p«L chArj|« Tor Aot?lc« of .020, ^n- . .", r s.^ctlye-
1/f fop the e«"*e puftp tpoe^s* In geucraiy the curTes
hov tne pressures with the .^^-J* nosBi«i to be i9»» th4A
hsif th^^se with the .
—
* noisl^, *ncJ t ^ln*l pressure
lo their ^erticulsr eAse to ba i.':>.>ut }j^j ' Ibs« per s^^*
in* for th9 letter oes^» ee egelnat 0) lbs. :)er s^* In,
for tn« •033" nossli^* io Aeeas «ere eYsllable of sea
the f^'T ^^'»'<*«^supe* built u,^ to t^'^ en'^n* tm^**'^ invtiKt-l*
-atlon, tut it nay b€ bssuMed for
,
t c
nr In t^i- tm cesi?3 irarfe In ar»-^rTyi - ly t.*i€? susie
rtions.
The norff rar>ld rtite of pressure rls^r ci;;rln- Infleoae-
tlon 'Acii. «iA i\.i - by t i r«t« ol lnj«eti .,
the f«ict t.-wit t-erp WbS BU>re fuel In the ehaaber b« ;..
Itifl&iaafitloo tjoii plsoe, due to tiiio larger particiea^
en<1 t .9 «orv fev">rsble dlstri n of tne ».>rfcy« In
t:; , ' ; J f &oila a^r^y i. .--lit cj-n lj.-'cI t:.e
oy linger pessei^e In . i «ei)n6.'r th%.t t . ' a of tr^e
: xuoi./ dlTldeu "oorder** &/ aebr tns aossxe rixx cxor

ie>.
ta« oT«rrich aixtur* oat into tii« c , . in h to unlt«
with th« air Ui«r« to form a eot^bua- , Th«
econoflgr obt&ln^d fraa this oorrl., ail tlian
thiit obtt'lned fraa th© ,310" ajare. , r?^ not ..s
that 3bt2in«d fros: tiwi »ta&cu.ru noz lo,
Thtt tMM noislis ««t£ thun i
,
etlcm
MOT* *dYaLiie«<!l» The - mount of t. vtu j at aci i:iitcj.y
luovQ, ^t bf im arrc nt of pin fend rj«si-
tltrn was flxvd, i^ ro oAtAd * Ji i^xi, atu^-r i-uii*. af
•.'*«iTMMi«d injection".
This adTftnee (PUte XII) brou;iit th- ^v. .^ui«..<.,. jf
the iofliiaocitlJa ji^viod u.) to thr»* d«sre«s before top
••«•) 9fT tb« tuM ti i, or mcyat
9 d*inr#«t (. . !..,.„ , .,y . dvsnc<» OT??r th^i staadard eoo-
dltlona. i'.tit* of
, L;Ajiitaatlon was
Jiidcad to b« about > sa-..., .Jiifflderin: Its rl^ « ova
ttta non-firing ecw .on-expi i surv**. i
praaaura la thl* eas6 vaa lncr©<i» d to T"^" -
.
i
aquara Inch as oaajMirad %lth 6. noriMii i^dTanea.
Ab would ba emeeted fr^-' t'.i? 3f f i . t f7..rd, tv hr .jr»
aeoaoay wua lapr jvoo (Curv^ j, i»te Vly ov ob-
tRln©d vlth the nor ^ . Injection, b^jit r^s sil * tlv ^'i:ireT
than tiio or • ^lo-ay. '..ai.>t t • - , not
a«ialblj Jlffarant fron tbe . /lio tt
•secivoo
16.
Th« Bmtmi of %h* «a'ln« «&« aotic«&bly Iaua«r sjnd roiifh»r
hor»9?€m9W of 4^*2 (WtRP 77.5; I r..> 111.8) w«» p«e — -,
but 6t tii*3 i.ai.w; t .. .-AJer£iUi.fc iLa3C&XU£* ThlS
vat ;verti«lly due to th» ftdT«no« of t incre&sotf
vhleh >lll b« {liscu^satHS l&t«r*
Aotia^ on ta I . y/p (ierlTed frcm tii« first two
trl&l»9 that the fl ilxfttion of th« . 1 " n^xzXe^
to iilv« Fa/lJlty " ,uii.*»u, oKblatki with t^n incr«&9«
of aroft to i¥« £f>or« $;)6ody Injection v(.re desirabl«f
tbo op«rftt9rs next Inttiillatf • noeile h«vi;? ''rvc* .oIO*
dlaisatttr aotslas. this .'ct« .in 1 ;<« oi .. ^ of
t»«nty-flTQ pmr^wit over th^ »^< 'In&l n-)««i . Tho
pr«»»urf;-tlso vtrd is utiovn on fiattj XIII. In ;. uch as
t fffw trlf 1 'wr »?th m >v : injection shovrad 1^ t ^'^-
flaaaatioOf aad eottparatlTely ,)Oor ro;:«ulti^9 t 3oraad
p\in» Tj^rn w&d« with »f?vr:r.oad Injaotioo*
Tne liioraaaad lag in this c&d^^ over th<^ fet/ind..r<l
condition Tan ch«r.rad, rnbc-ibl/, to f.l-tT\t t' -yn ia*.
i/i«j . iU'ti^it >i» 3l' tr«r i iac (^ vas asti to b«
Lbsut on«-half t':c- l«n-th af the or«e3iB> rabar,
T, ' . aid i{l¥a a ao- >r «^.'r ' .
of t.e tDtal cocabustlon Tolunft bain- fli
oTarrieh, . nu t rafitra aio« b liixt^ra. Ttu -^ion

of oo^nstlfala alxtur* roulc: b« • tt . ^n th»j c t.*r
ftld8 of th* r.-y s«s;«^ »i:»i, v . xafs>re, iu^t^^j j^ Li:c
6cmb\t&tlaii : u:.-u j t&adiiig to force tli.& '.x ^s&as
Into tho cylliMS«r, it tended to ,t ores It bftck agaiiiat
th« AUttle. Tr»o effect of thU »a» r;^ .cl sB i -
part»rit» Mr. H. D. Bill (ri!»f*?r©ne« 11) stAt^A th«t




-nt?'*! ?i«-,twr«!rn thr- -ff .'^jRbust.^ ^r-
c - o/ii&(i«r Tfci* iij iro . to i. p>«r
sautr- . is WfiS
_ inr st-inalt r:.-nn5 r- -rfin
if gWxmrLt b .i- m f'li-l ;:- „ :n ^reall^nt
•ff;20t on dit^tribjktido.
. .J iidT&neod liijcctlon, •coBd'siiG:- ?.ll- tly n^^irer
thfiii tn-! ?tin:i. ru x a* w«re obt. :
«€t.a d to t^ c'>r «n5 ss'soth In it
3taxlatta lorC' .>. ^. ., — . -jy-r ; . o.9j
iW'Fi? 133.5) was o:-t-i
.
?^r'>p>lo.i{ tf:e i , .» «u«
Toace o&ci&. i.o t^.t- nor .&1 ..oj1v..ju. Xiii*» n t tion w&c
U9e«ssary to count^r^^ct the Inherent InJ 'action l j«
Oa All offttct 0Ar4 Mid «eoiiMgr eurre pl«it«s ik»m Iimb
ftiimm A full tlsc Akotoh of orlflo* sia« Mkl Murrwutami





The T&rioub prtttoebuAtloa eJasj^Bbers uft«d la this
liiir«ttl£«tl:Mi *r« «lio«n in Pl&tc XI* A brl^f description
of triOT.'i follow*}
Thi« vus th« i)Teeoi >n oiuuitor prt^Ticwaly
InftiiU-^ >• thf! «rt:^ln , .ad WbJ tftjttm as r9pr«»«otiAg
the . . for Ov'>a ftrlsoo* Tne orif lee bct«e«n the
hQtec ^ cylinder ^^* 5 'I6* In dlcsietwr, n^ ««
shftri>*«dged«
*2, ?Ms nnt«ch*«bor had thres arlftGea, 2<rr«knfe4
sjrBaetriefc^li/ « ..-ut tne •«nter^ as » ia fxtttvi X%I,
The dl-.ra-tf r af each orlfic*' wl.5 l''^^, Orl fleas v^oro
flhiir.^-r'ti .t'U,
*3. This ?r«e(Mibustlon cnarber hzrd a si^.^^le 9 16*
dlt»3i(;ter orifice^ %a sh^vn iu t^lete XV. orlfic« tree
•h«r9*«d^ed«
^Ji^» Xhls «*• the y3 on»al>«r with tb«> exee 'tioa
thet thfi orifice had baea i a out m both side* to fora
• rounded eotreoae orir.ce.
fH^it. Thl? cheKber had en orifice of 7/8* di&seter*
This pr;,cl : .x/ •i.iBloAtttd tae effect of the .u. tl
eli«aber«
Th« ^cri -: i ^r
been dlseueeed in the i •e«tion a« it «e« ueed in
bxx t < w^sia with Tl r/ia^ s. .< >£»xu uxikxactsf^* In

19.
W&« UJ^v-: t -., n. t . 1 > ..: .. . ..i V •- c; ^- -
itant ir •vlou. ;; ctlor;,
TtM pri»»aiird-ti'?e c:r«3 for V2 r
is Ehovn In i'lbto X*¥I«
bar wat to lnere€t«Q all/'tly t>»«^ reto of '»r©»sur« rlae
aurln^ ta« 1 ; Ition
,
lo ttia .^ of
Inf l»«A«tlo«i i.c <iei r»«»» (. >5 »-o.y. T:v» #0'^ln»
v»s very erratic. -r at dl* a in
tlon 8U(;((»»ti»J l>y tn*: c.ut.xjr w^a tn&t tii« «rr
««at of the ant«oha?nL r 7. if lce« wli.; In ti c«nt«r,
raaKS u,i tho oMlter oi th^ oil s rb/^ and j th«
b*«T7 oil j«t, : .u^eh *"->" ');?tlBnia OvXa<iltl>a£ -houid ocrry
Into tne cylinder • T . .jasy Tkrli»d s .y froa
that un<2er th orljlnol coadltiona.
Tho A«xt pr ti-xi d
^ »l.. ir, 0/16" ortf'ee. The off«tjt card of this ch^abor
1» sbomi in l*I«t« XV. In this ttist, tac b of
1 fI&«Mtlaa wmtt about th« s*> *^ tlae &« In ^^^* '^' 1 :lnal
conaitl'inf^ out the rat« of ^Visaurti Tiii% aarln^ InfL^iaaetioa
»•&« inn«h war* re. id, Ot>ari^tloD of th# en in«» snt -ri T<^ry
*aooth and re<ui/^r. " 74 aooooay it

tmf :>r^Tl-Ha» run, ' •"' -I7 on 11 l<»«wdii»
Tr^c -ui;;-3r^ .L-jiti,t.; to v.'>.>\ ;. ...
.
. ; tJ wXie
jorf ^r' hnoc of t' r. It ?" t ' t * re
of Tcir: m rnktarin^ into this a ysM-ken it 'Jifficalt
to <Iot<9r9in«« That «iz» af this orifice is t runctl:>c of:
oxllDvifir and «nt««ha«b€r diRer;2i:)oi^ th« rsl .tire volua-i^s
•^''
^i.:^h; th« i>«rc«ilt«S« of ;3o-»bu.:tlori 020urrtac in th«
l: oaberp and h«ne« the voljr..? of ^a«ctt to be ^tescd
th^ou^^ *?• ^^^ i»a .i,if»^ "*<"*'" r^tttlal d«PlrabT * * '-^jfjh
th« oririe»; / oth .
ob9««nf b«c&u&e i^ ouni t t .... ,Ah^*" ^-*et
•t Lan«ley FuiU, ^ rencc 3' th- t lor their t '.-t
•D'ln« ^i*^. Identical eylln^S'^r dlirxHAl'T*^ , -n^ '^.-.TTi^ dl«-
trl^ ; oi V ; bet"?' i.:i




da^r a af tt4i,{.t invj klu'ti: ^
Talocltlps t?-.: the nntc: v.^pt r^rlfi , ::. i.tt -^ ^t
vaa M*u« to rt .: ic jitj' by iner co-
ttffieioDt of C . • r . .» ires aceowpll d by f rin?
out l»t^. »ld«s di Ui« ^3 >:; 9ruL«l>«r (...;»; «u>c
coov«rtlnj( It fro* a - '' o to a «' ^nt-
dlT.r.'iiVt riJ7r. • Li : it ;;iff'-r 1. ?ouiQ 3© aotcc m

presRurtt ri5« duria Cv.)-.bij."st ton »»4ij r»ri'jc-,^c5. ; j
eooDOiay^ .L.;)Wt,v r, ;:* ii^nt iO. —' - iart..er i rovr:-.
It Is b«-iav.'i tr-Mt t.^«r<i f»&» »n &,> r-.,-.:.- • j^i.^ctLon
In frictlo-'i ri.or-=e..3iifcr aua to \ux:i c , i . ; t . --i
was i^ 1 pr^Vb.-.G.'it la eooaoay vhloh v at
£»roo:)xbu«tlon sliiki^^r #4 eattscd « In-
rec3rdd<l vlth th« tlalAc In th« advrxnced volition. Ih«
offscit crrd is ^i:id«n In Pii»-- -.k^*^. The six© --l tnls
orlilcfe w*s such cij» to r^ ^tlea ly dIl.Uiiat« th.« ^r«*
ooabustlan feature of th« aoclna, and to conrcrt this
9:.>ao« into c ar Toiuuae. T.' lald raduca tria
Taloolty of ttie Jat of gas and fabi asttri^i...^ .rooi ttia
antftcnaQbor, ^an, T-hli^ t.'ic loss to klaatlc v^%Tt7
(>• lass, th4i i.oss da« to lover aioeity us\^ aeeOM^nXlng
tu loa in distributing taa oharga tr;rou h taa oylindar
eoatustion sjaoa was grftrnX^r* Th^t this wt>s tha eaaa
was indict tad by tn<> inereaaa in lag (inc ;^i»^.ii( i:i dis-
tr^biiti-m and s^rev -lanptrr.t* on la-) s'iri t^ c» -oar^ir
'•r 1 yvg raauiti
Tl!3^' was Ifickln,- to ursuo the 3ub*-^ct reC'.7K«
clu»aiDor-:, .i.t ti»«t t '^ -.




&o«« aiff«r«R«« in ;)«rf 3rTiMi«« Ka/ hav« b«ao
ftcc unti*d ^^ la the silrftt cli&tti In dectlfii of pre-
faralshdd by th@ Eill &lea«I fiBj^lne Coa:>iLny^ aud vere
Bftde td tt ecKiirif^d dodi.^n. It d b««xi t
t» o;-i lo*.? T'.'^'.-' V bust' <» chi»sber& oo t?i&ir jo-lti^c of
t: i i., wer* o.jeri*tlnx &t ta» cool i> tci^ -erfc-
ttirc 5ua to t.*~.o er>5S Irtc rrrt^r J?: e '^tln-/ S'-rr --iind^n - thn«si
in tno cylitiuer h«fcu# To Inor-.
,
£tt : ^t r . t-i fOduae t;i;- h- :.t t^is-t .ir.tod !:> t .6
cojiiii : vr by incr u oi . o.cut
on t -.:. I .- J ; in tft .3t.^ r
(I'ii-t?- Ilj • T. • ijolors fJD tao ,i«>pi.)hery <#i" t;i« l<*tar
tyoci of c..j,i'-b-.;r i'i '-o t d thtt their ojt«r€.tlii-. to.ipera-
t'oras »cra til«a r t. ..r. •'; . in^i.
In feaer&i. It »&s jrr t .... i, -- >no^-y wis reth«r
Irvf antflt TO to wia« dri&ag^ft in ^ .«ouat^r>r; c.*..r.'_-r .-.j-
sl , p opepatiri,; CQarttOtoriatlCft^ cuch aa
Ik , x.oisi^y &UO «T«aa6Sfi of o»>«rbtioa var« aore .^«-:.^itlTe«
XIX shovs x,\u lubr&td ^ffrct of lo d on - > .. .c iit of
Inf Ittimfttlon. In geniirtil, tn« II t)i* . , thv
4irw-.t;:** t i.:-./ in i ...xLiJii. T:i.tj w«i fouuu tj uv aue
to the dcsl n of th fuel altering ayateu* Tho •th:>d
of X9t«rln2 .i.: « > t^rjr Li. J 0;/aii.^i* i ?ocaiu;.jk. « utou

23.
A««<ll« TftlTe <» the suction sid« of the fuel oxxsi^^,
ttiC' is.i.i-ine I., c. . •.: I >. .^u^ a ^tql^\ icntil-y ol*
oil la ;.lloirtfCi to lep-k b cic bofr^re tna oownmxeomtytxt of
dfclivery, tna b«na«! a jxlv^r/ oocurs Ittcr la ti. uap
stroico. C-iK fcciion is ov , is
dffpct, ftll ur«-ti . at
?l*t9S XX bsid XAI fchjr tiae >r4-»»urfc-
.
..tion-
Plate XX Ift the- diiiKrr&a for the 6t j ,OZJ* y
J of Vii t. Irow l,02 la
of :r*i t) 1*2 durlzt.:^ th? l&ftt ii&if*
Ther* is a^ * -iUMl Tfrl^^* In the o,^l..- .* authors
tiM',t : .1/ b* it of th«f )n
ll;i . coalu w . tiklCi^D _ ,- <, ^.-^ .>r* in«*
Slnoo til* rat© of injection ana rttfe o. burniiiv^ Vf-ry,
It .4kiv^ t-. t & nuiflb*.'- ^•" v^ -V mkjf d*- eeefe 't-
teti.:. lioveTor^ it t& t la ii Li<~i..il
ayole it Is ri-.^r r; .^' . ^ ;. .- c-r<j unity,
»« « vaiUtt 91 xe»s ttuM unit/ v^ulc iiiuxc£tte Uu>t Uxa
ret*? -)f :rBa«rritlr. hcut jf .:i-» bu.-ti -Cu^Js the hort
lo»s and tu« tiwrk uoum, tnu^ tu«> t vo
rise in the cylin er %s it ai- i of th« trolce*

24.
PUt9 XXI, thtf dUj^rfts f'lr ilui .010" i •




la ,9 feno, f: : ' * d ifi tn« tm^cratur^ •
fraa^ (^'late XTII), t . te»^9r»tur«^ la hif^MUt r t
tna polat of «xhca;st*
?lat^ XXI 3". £ f trv-'ft io»ff lclj«»"t cycl* t>isn "SFOUld
pr >bj»b-y bt' :>btnlA«() & out-
off n-^rr tn- --.d of t'l? ?t.roicc. It h'. c t^\---^ -rv Ilttl«
fiuJd.
Thi' autnorte, hiwovvr, do not Tcel tioct too <jrtticaL
•o aa«l/;^is should b«.' sicci* of this tyr>* of *y '?n-*ntlfil
curve* The illgnt ini-ccuracles lri-;¥ltui>..e In t -In^
1.1 tor .rd* '111 1^9 orratlo ?M In-
for-. ti>i» If tdi nfclysls Is c^trri-a ti> t^xtra >•»*
Plate XXII .'how* tM« t4'^->*»r%t'j '«-«' fro?* r- -n*
»rU f T r .« cyc«o. Irts curTo ii. o.^o^ tul:*
r^iatioru-.ii. > f,->r tno «tA»dnr^ • .2J la 11» th*
carvi ia r^a i.» i i?r t... •JU*' orifice.
In c f e tr-irr^d. It rns n«»o^f»tDr7
to iirviv,- at saaw ii^ure lor t. f v^.b ir. tr,f
cyllndar.
In iiiTi Villi 3»'» w-**^ Yteiu*? • . 4A-4 • 5- fluid
In tba eyllndar, the ra av ^ tb««y«lTe» of throa
Bothod. i flndlfia th9 «aaa, vla.i

25*
for 3 iir t
thut t^ ' •-.xret Vc. .'.;•.. .n' ttt*? 'r/lln''.or l>e
7:^ncr\i ; . .. fftth . -
n T>ie oj^i/ ciirf«r»na« Tt»uia d«, one of • : ^d
it ^»ts *>«'ll«v*'4 tn?,t tnr? v r^lT**! t^»i& >o£ltix»
*ith -u-i *c*.;i:iT, rlaC'.iC/ for ';. . ;.n
tlon^li
,
t*^« ¥'^1*1*1 of the «i:
. ,-aiij: ' ti:?:i u- , ' ;ij.' it: . :. trct -u by
?fOffc:^»Tr n. 4-* V r !tt In hi •• ': oi'
V^zlMUB Cylinder lo^/*- ti'.v^. . ii^lii#d lo Actufcl In-
terna.] Coa^ " oheokftd
Th« te«p «^-entr:>P3r <i' tt W'^r^ oDn-
atru«t9d by ?roftsfor H. A. STsr«tt of Tr^ ' nosyivrnla
5tet« Colic d *r« e f3r *: of t^
ariftl^r "'f "Ciric hofct vlth t««p«rature«
FXate XaII In tti u-^rly ,->i>^t of tha 8oa-
^resalon gtr-'^ >'^th cuptr,;* ;.^^yoxl»at«» ui aditbitle
cospr«« l?n, uKi bath s)i3w loss of oatro^y du« to ciol-
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t U •f tri«
^:
)
-A oyn*r avarago teinperabjire an., '.''r-^n un-
econoTilc'ily aiso rulr.^ it .,^. c;_;:j-t it
« '
--n '" ' r h«ftt ' 5
una :irJt "" -li :-^.
AKk::^ c ' • -
This c r
of rr. \ :
.
Oor'v'J.'^ it -•iikiysla o5 th
c it ' to be
nlfleant th\t I






d by %< Li'^>d
the





laot**'r Intersstln .-"^rr- ttnn llr? tn t\« ' rt
thflt tH« «lop» of f-ft 1^ - iog ¥ plot of tnis o

27.
(Pl«t« XX) «t %hi* )int «f ••xliKBB t -• l»
?^ « I •

2ft*
•ff»et u;>an tb« coab-astlon In » Dl«» 1 < .• •
The Ot^tisAui tlf* :>i 1.;^ ;^t:» aoiaX* orliic^ *u tr.e
•u;1d« uikd«r eoi r&tltxi naft • /20 in. - orlflaat
(iccre-ijfc-a tac r;-to oi ijuruln.:. Ciia^i,. • rr •„©
li»t u^ to t^.» iolnt ^f «x?v a. t v»l¥«
jriiicoa ii-kCr .. >> ; :.„.:;
a (t«Ih,]r la .a sore ra^.ld
FraooMbu ebaabar orlfica »iCH h«s s&f. 11 t-ffaat
Ui>on th^ aoonoay #»p9elteIXy at braka loteds aaar tte
rat»d . ^airar-^l r as, aueh r
Beaa, a»oottaDaaa of op<.ratiJu, roj^-ularlty f ..^^
which c'JUid not ba «v t«<l In i , ,t
wVileb arf» laportant to t'ui. .. .idar auu jj^arator wcra .
aff^cttci. In gaoartii, tno bast results ^vT^i J
mtf^. t .. f/16" rouodad «ntr..n<j0 o^^^^^a antaoli*»K^^^.
0*1
^^
•u to ^eknorIe»dce the itindtiMaB
•nt of Th« P- nn in tne ra-
tion of this tho»i8«
Ttk^j ar partloultrlj lndel>t«tf to ?r
E« A. fc.Tcr«tt lir.sS Associate *'rafcs»aior y. C. i?,t(B?»trt
i'or their const&nt in^ t eakC o*. ctlT^r crl' .»
Thay .^-..j i.. .. re: »j,' 4s»6lJitioA of the
esalttftaott r«uier*d ^ ^ i* li* B« ;s
«nd ths Hill I>l0Sv.l Ba^l&e CoK»>ftn/ In t.i<^ furtiishing
itad d!*i of th« prooosi >ii at^]£Mb<<<rs /




1« A Hl^n 8p%9d logla* ?r«»»urf Indiestor of tlM
fittl«ac«d Dl /a T>\»e» By ii« C* ^ i9<m
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Use of indicator dia^aas
in studying combustion in a
diesel engine.
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